Background: For patients with gastric cancer (GC), adjuvant chemotherapy is a standard therapy. However, the responses to the treatment are quite different. Mitogen-activated protein kinase (MAPK) pathway is a core pathway that modulates the efficacy of anticancer drugs. The purpose of our study was to investigate the clinical significance of one pivotal functional gene polymorphism in the MAPK pathway -MAP3K1 rs889312 -in patients with stage II GC to stage III GC. Methods: The genotypes of MAP3K1 rs889312 were analyzed in 591 GC patients enrolled in this study who had received radical gastrectomy. Among them, 204 patients accepted adjuvant chemotherapy based on platinum and fluorouracil (PF) regimens after an operation. Cox regression analysis, log-rank test and Kaplan-Meier method were used to explore the link between MAP3K1 rs889312 variant and overall survival (OS) of GC. Results: Compared with the AA genotype (mean OS of 68.12 months), MAP3K1 rs889312 AC/CC significantly reduced the mean OS of 56.83 months in patients who received adjuvant chemotherapy only. In addition, AC/CC genotype had a negative impact on OS of patients who received oxaliplatin-based therapy (HR, 8.253; 95% CI: 1.119-60.853, logrank p=0.013). Stratification analysis showed that MAP3K1 rs889312 AC/CC significantly reduced OS of patients with tumors smaller than or equal to 5 cm in size (HR, 3.706; p=0.012), poorly differentiated tumors (HR, 3.002; 95% CI: 1.076-8.377, p=0.036) and intestinal tumors (HR, 4.780; p=0.033). Conclusion: Our findings suggested that MAP3K1 rs889312 single-nucleotide polymorphism may be considered as a biomarker for adjuvant chemotherapy reaction and can predict prognosis of GC patients who received PF-based therapy.
Introduction
Although the mortality rate of cancer patients has declined over the past decade, gastric cancer (GC) remains a devastating disease, especially in Asia. 1 It is estimated that 679,100 new GC cases and 498,000 deaths occurred in 2015 in China. 2 Currently, combination therapies including surgery, chemotherapy and local radiotherapy are options for most patients with locally advanced GC, whilst surgery remains the only curative therapy. Postoperative chemotherapy and chemoradiation could bring further benefits, with a 5-year survival rate increased by 8-15%. [3] [4] [5] So far, adjuvant chemotherapy based on platinum and fluorouracil (PF) has been considered to be the most effective treatment for stage II and stage III GC after an operation. The response rate is less than 50%, though. 6 There is no clear evidence -including conventional clinicopathological parameters and molecular classification -that can possibly distinguish patients who are likely to benefit from PF regimen. Therefore, the identification of new biomarkers is of great importance for guiding personalized treatment and avoiding unnecessary toxicity and economic burden.
Nowadays, accumulative evidence has demonstrated the pivotal genetic effects of single-nucleotide polymorphisms (SNPs) on GC development and progression. Investigating SNPs in a biological pathway -rather than individual genesmay provide a better chance to identify the genes and mechanisms underlying disease pathogenesis. 7 In our previous research, functional SNPs in cancer initiation and progression pathways were selected systematically through literature review and pooled analysis results. Finally, the associations between more than 20 SNPs and survival of GC were checked in a Chinese population. [8] [9] [10] [11] [12] [13] [14] [15] Based on the concept that variation in genes involved in pathways such as the repair of DNA damage may be important in both the mechanisms of tumor formation and proliferation and in the response to DNA damage induced by chemotherapy, we hypothesized that genetic determinants of GC outcome might be associated with chemotherapy reaction. 16, 17 The polymorphisms of one-carbon metabolism pathwayassociated genes were also suggested as predictive factors for the GC patients' treatment with 5-FU-based chemotherapy in our previous study. 18, 19 All cell types express the mitogen-activated protein kinases (MAPKs). They regulate various physiological processes such as cell growth, differentiation, metabolism, death, etc. 20 Thus far, four independent MAPK pathways have been characterized, including ERK, c-Jun N-terminal kinase (JNK), p38 signaling and Big MAP kinase-1 families whose relevancies with response and resistance to antitumor agents have been recognized. [21] [22] [23] For example, activated MAPK/ERK pathway has a survival advantage for squamous tumor cells treated with cisplatin.
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P38α MAPK has been identified as a mediator of resistance to 5-fluorouracil and cisplatin chemotherapy in colorectal cancer patients. 25 Mitogen-activated protein kinase kinase kinase 1 (MAP3K1) is a serine/threonine kinase. As it localizes upstream of all three of the ERK, JUK and p38 signaling pathways, MAP3K1 may play a pivotal role in the network of phosphorylating enzymes. Large case-control and case-case studies have shown that SNPs in MAP3K1 can have an influence on both the molecular biology of the tumor and the prognosis of the patients. It was noted that MAP3K1 rs889312 polymorphism was associated with increased risk of distant metastasis development in breast cancer. 26 Patients with lymph node metastasis had a lower mutation frequency of MAP3K1 rs702689 (GA/AA) than patients without lymph node metastasis in colorectal cancer. 27 Distant or lymph node metastasis may reduce the survival rate and worsen the prognosis of cancer. More direct evidences showing the correlation between MAP3K1 rs889312 and prognosis of tumors were identified. For instance, among premenopausal women with breast cancer, MAP3K1 rs889312 (CC) was significantly associated with poor distant disease-free survival (DDFS), disease-free survival (DFS) or overall survival (OS). 28 And the SNP rs889312 in MAP3K1 showed a significant improvement in DDFS for heterozygotes of this SNP and appears to demonstrate a dominant effect in early-onset breast cancer patients. 29 In our previous study, we revealed that MAP3K1 rs889312 AC variant genotype was associated with a statistically significant 30% decrease in survival of GC patients compared to the AA/CC homozygotes. 30 Based on the previous research, we hypothesized that MAP3K1 polymorphism may be associated with outcomes of adjuvant chemotherapy in GC based on PF. Here, we explored the clinical significance of the functional MAP3K1 rs889312 polymorphism in Chinese patients who received PF-based adjuvant chemotherapy after GC surgery and compared them with those who did not receive adjuvant chemotherapy. We also investigated the prognostic associations of MAP3K1 rs889312 polymorphism in certain subtypes of GC.
Materials and methods

Ethics statement
All patients gave their written informed consents. The study has been approved by the Institutional Ethical Review Board of Nanjing Medical University, Nanjing, China. 
Study patients
Treatment plan
Patients received PF-based chemotherapy, including fluorouracil plus cisplatin or oxaliplatin, for at least four cycles. Chemotherapy was initiated within 1 month after the operation. Patients given adjuvant chemotherapy were required to satisfy the following conditions: 1) leukocyte count was greater than or equal to 4×10 9 /L, 2) platelet count was greater than or equal to 80×10 9 /L, 3) hemoglobin level was greater than or equal to 8 g/dL and 4) there were no signs of organ toxicities.
SNP genotyping
The surgical specimens were treated immediately after the operation. They were fixed in buffered paraformaldehyde and then embedded in paraffin. By proteinase K digestion, isopropyl alcohol extraction and ethanol precipitation, we extracted genomic DNA from the paraffin sections. MAP3K1 SNP genotyping was performed using the ABI 7900HT Real Time PCR System (Applied Biosystems, Foster City, CA, USA). The sequences of the primers used for PCR were F-primer (5ʹ-GAGATGCCCCTGCTGGAGA AAG-3ʹ) and R-primer (5ʹ-AAGGACACAGATTTATGGG AAGGAGTC-3ʹ). SNPs were analyzed by ABI3130 gene analyzer and genotypes were determined by Genemapper 4.0 software (Applied Biosystems). For quality control, two independent researchers performed genotype analyses blindly. We also selected 10% of the samples randomly for genotype verification. The results were 100% consistent.
Bioinformatics analysis
HaploReg v4.1 (https://pubs.broadinstitute.org/mammals/ haploreg/haploreg.php) was used to predict the potential functions of MAP3K1 rs889312. 31 This online tool gives information on SNPs that are in linkage disequilibrium (LD) with the queried SNP and also provides information on which of these SNPs lie in promoter histone marks, enhancer histone marks, DNAse sites and protein binding regions. Sequence conservation across mammals, the effects of SNPs on regulatory motifs and expression from eQTL studies are also informed. All SNPs in LD (r2>0.8, 1000G Phase 1 Asian population) with MAP3K1 rs889312 were also selected for function annotation and prediction.
Statistical analysis
All statistical tests were performed with two sides using the SPSS software (version 21; SPSS Inc. Chicago, IL). If p-value <0.05, sufficient statistical significance was considered. Dominant, recessive and codominant models were used to estimate the genetic effects of MAP3K1 rs889312 SNP. Pearson's chi-squared test was performed to confirm the correlations between MAP3K1 rs889312 SNP and clinicopathologic parameters. The log-rank test and Kaplan-Meier method were utilized for survival analysis.
Cox regression analysis was carried out to determine the independence of effects for GC prognosis.
Results
Study patients' characteristics and survival
In this study, 591 samples were recruited after curative surgery. Among them, 207 cases received PF-based adjuvant chemotherapy, while the remaining 384 cases did not accept chemotherapy. The average age of patients carried out chemotherapy is 59 years, while those over 60 years tended not to receive postoperative chemotherapy, with a mean age of 61.64 years (p=0.002). As shown in Table 1 A flowchart of survival analysis is shown in Figure 1 . Survival analysis showed a definite link between TNM stage and survival time of patients. Lymph node metastasis also significantly influenced survival outcome. The median OS was 62 months (95% CI: 48.8-75.2) in all patients. And patients who received adjuvant chemotherapy had a mean OS of 61.55 years. The OS was longer than that of patients without chemotherapy (59 months), though the difference is Partial data were missing. The proportion of data that unavailable was less than 10%. All statistics used the available data. Table 2 . MAP3K1 rs889312 polymorphism predicted OS in GC patients who received adjuvant chemotherapy based on PF In order to confirm the role of this polymorphism in predicting clinical prognosis, log-rank test, Cox regression analyses and Kaplan-Meier survival curves were used to assess and display relationships between MAP3K1 rs889312 genotypes and OS of the two groups in different genetic models (Table 3) . When adjusted by demographic and pathological variables, including sex, age, tumor features and TNM stage, MAP3K1 rs889312 could act as an independent prognostic factor for patients who had adjuvant chemotherapy (Figure 2A) Figure 2B ).
Stratified analysis of patients by chemotherapy regimens
Patients were stratified by chemotherapy based on cisplatin or oxaliplatin. And then, we explored the impact of MAP3K1 rs889312 genotypes in stratified patients' OS. As shown in Table 4 , AC/CC genotype negatively affected OS in patients who underwent oxaliplatin-based chemotherapy in dominant models (HR, 8.253; 95% CI: 1.119-60.853, log-rank p=0.013). The results demonstrated that the C allele may be a risk factor for the prognosis of patients who received Figure 1 The flowchart of patients included in the survival analysis. oxaliplatin-based chemotherapy compared with the A allele. However, cisplatin-based chemotherapy subgroup did not show similar results. Figure 3 shows the survival curves of the two subgroups using the Kaplan-Meier method.
Stratified analysis of patients with certain subtypes of GC
Further stratified analysis of tumors' clinicopathologic features were done to explore the relationships between MAP3K1 rs889312 genotypes and survival of patients who received adjuvant chemotherapy ( 33 For nasopharyngeal adenocarcinoma, the frequency was 10%. 34 Koh J et al determined somatic mutational profiles of stage II/III GCs according to their tumor microenvironment immune types (TMITs), which classify cancer based on co-assessment of PD-L1 expression and CD8+ tumor infiltrating lymphocytes. And MAP3K1 mutations were enriched in the TMIT II (48.0%) and III (50.0%) groups. 33 Therefore, variants of MAP3K1 may play a certain role in the occurrence and development of GC. However, there were few studies that discussed the role of it in GC and there were controversies. MAP3K1 rs16886448 was significantly associated with GC risk in both the pooled and metaanalysis results, whereas heterogeneity across the analyses was found. 35 And only at a high enterolactone level the A allele of MAP3K1 rs252902 was associated with a reduced risk of GC. 35 In our previous study, we revealed that MAP3K1 rs889312 AC variant genotype was associated with a statistically significant 30% decrease in survival of GC patients compared to the AA/CC homozygotes.
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MAP3K1 may also guide personalized treatment. For example, in epirubicin-treated triple negative breast cancer (TNBC) samples and cells, MAP3K1 was obviously enriched, possibly contributing to the epirubicin resistance in TNBC. 36 The genetic variants of MAP3K1 may also predict chemotherapy reactions. For non-small cell lung cancer patients who received platinum plus taxane treatment, 4 SNPs, rs17661089, rs16886403, rs726501 in MAP3K1 gene were significantly associated with OS. 37 Patients with rare homozygote genotypes of these variants in MAP3K1 had significantly poorer OS. MAP3K1 rs889312 (CC) was significantly associated with poor DDFS and DFS in breast cancer patients receiving adjuvant chemotherapy. 28 In this work, we explored the clinical and prognostic significance of MAP3K1 rs889312 polymorphism in Chinese GC patients. Independent of personal characteristics, tumor features and pathological variables, MAP3K1 rs889312 could act as a significant prognostic biomarker for GC patients accepted PF-based chemotherapy after surgery. Maybe there are some mechanisms to explain it.
Insensitivity or resistance to chemotherapy drugs is a persistent problem. Either intrinsic or acquired resistance caused by genetic or epigenetic events may develop, seriously compromising the drugs' efficacy. All events within cancer cells or by extracellular cues may activate the signaling pathways regulating the growth and survival of cancer cells. 38, 39 One mechanism of anticancer drugs resistance is capable of surging from alterations in the lethal signaling pathways triggered by molecular lesions. 40, 41 MAPK pathway is a core pathway that acts independently in cell cycle control and additively drives tumor initiation mainly via phosphorylation. 42 The classical MAPK families consist of ERK, JNK as well as p38. 43 Activated MAPK pathways seem to vary extensively in tumors and play an important role in the reaction to drug therapy. [44] [45] [46] For example, the MAPK/ERK pathway could induce drug resistance in cancer cells. The reason may be partially due to the imbalance of functional PTEN and p53. 47 The responses of chemotherapeutic agents were also impacted by the JNK/MAPK pathway, which may control cell apoptosis and autophagy. 48 The inhibitory effect of p38-MAPK reduced chemotherapeutic resistance by inhibiting the activity or expression of P-glycoprotein. 49 Moreover, in human lung cancer cells, p38-MAPK also induced the degradation of mouse double-minute 2. It could confer paclitaxel resistance mainly by the regulation of EGFR. 50 Therefore, specific interactions between MAPKs and their substrates are crucial for mediating signaling input and output and then could influence chemosensitivity and chemoresistance. MAP3K1 localized upstream of the MAPK signaling pathways. MAPK kinase kinase protein is encoded by MAP3K1. It can be activated by lots of stimuli like growth Table 3 Associations between MAP3K1 rs889312 SNP and OS of GC patients in various genetic models for both cohorts factors, mild hyperosmolarity, proinflammatory cytokines, cold temperature, etc. and then phosphorylates and activates the MAPK kinase (MAPK2) and in turn phosphorylates the MAPK. The MAPK finally regulates the effects of downstream signaling on multiple cancer genes. 51, 52 MAP3K1 rs889312 SNP was first identified in 2007 and confirmed as a susceptibility locus for breast cancer. 53, 54 The SNP rs889312 is located in the region containing the MAP3K1 gene. The AC/CC genotype may alter the translation of MAP3K1 gene and increase the expression of translated protein, consequently activate the MAPK signaling pathway and induce drug resistance. PIK3CA mutations are known to confer resistance to chemotherapy. 7, 53 SNP variants at the MAP3K1/SETD9 locus 5q11.2 were found to be associated with somatic PIK3CA variants in breast cancers. A direct association between both MAP3K1 and SETD9 overexpression and PIK3CA somatic mutation (SM) status were found. 54 The bioinformatics analysis of MAP3K1 rs889312 indicated its potential link with the regulation of the expression of SETD9 in gastric tissue. We hypothesized that MAP3K1 rs889312 may influence the expression of SETD9, consequently alter the status of PIK3CA SM and affect drug reaction. However, the exact mechanisms are largely unknown and need further investigation. Further stratification analysis showed that patients who received oxaliplatin-based chemotherapy could benefit from longer survival times with MAP3K1 rs889312 AA genotype. Cisplatin and oxaliplatin are widely prescribed compounds with antineoplastic effects. All platinum drugs form adducts with tumor DNA. However, compared with other platinum, the cytotoxicity of oxaliplatin added. And it forms fewer DNA adducts. 55 Mutations in MAPK/ERK pathway, including mutations of MAP3K1, were not associated with survival or response to carboplatin-based therapy in non-small cell lung cancer. In our study, the prediction of MAP3K1 rs889312 was not significant in the cisplatin-based therapy. DNA repair pathway may be more important than MAPK pathway for the efficacy of cisplatin. However, the expression of MAP3K1 was correlated with cisplatin GI50 (concentration that causes 50% growth inhibition) values, but not with carboplatin and/or oxaliplatin GI50. 56 It may be one of the gene signatures for cisplatin. The intrinsic properties of the platinum drugs lead to differences in their activity and resistance profiles. The exact underlying cause remains to be elucidated.
In our previous study, rs889312 heterozygous AC genotype was significantly associated with an increased rate of mortality among patients with diffuse-type GC. 30 Further, stratified analysis found that that no significant influence of rs889312 in diffuse-type GC patients who received PF-based therapy was revealed. However, the relationship between rs889312 heterozygous AC genotype and diffuse-type GC outcome was still significant in patients without PF-based therapy (HR, 1.431; 95% CI: 1.033-1.983, p=0.031). We considered that PF-based chemotherapy may improve the prognosis of patients with rs889312 heterozygous AC genotype. However, due to the limited number of patients in our study, the interpretations should be treated with caution. Further validation of our findings in a larger cohort is warranted.
As we have seen, this may be the first report revealing the relationship between MAP3K1 rs889312 polymorphism and survival of advanced GC patients performed adjuvant treatment based on PF regimen. However, our study has some limitations. First of all, we only examined MAP3K1 rs889312, leaving other MAPK pathway polymorphisms and their synergistic effects untested. Secondly, Helicobacter Abbreviations: A, adenine; C, cytosine; GC, gastric cancer.
pylori infection participated in the occurrence and development of GC. And Her-2 status was considered as an important aspect of the therapy regimens. However, the status of H. pylori infection and Her-2 was not included due to lack of medical records. Thirdly, to validate our results, longer follow-up time and more samples are needed.
In conclusion, MAP3K1 rs889312 polymorphism may serve as a prognostic biomarker for stage II and III GC patients with PF-based chemotherapy after surgery. Moreover, MAP3K1 rs889312 genetic models have specific effects on the outcomes of PF-based chemotherapy in certain subtypes of GC. Combined with clinical pathological parameters, MAP3K1 rs889312 SNP could help us to make a clinical decision for personalized treatment. The underlying mechanisms and further prospective clinical trials should be performed to validate our findings.
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We confirmed that this study was conducted in accordance with the Declaration of Helsinki.
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